INTRODUCTION
============

Pancreatic adenocarcinoma is one of the most lethal malignancies, with a 5-year survival rate of \<7%.^[@R1],[@R2]^ China accounts for 15.68% of patients with pancreatic cancer in the world.^[@R3]^ However, early detection of this disease still remains a challenge.^[@R4],[@R5]^ At the time of diagnosis, ∼85% of the patients are estimated to have progressed to an advanced stage.^[@R6],[@R7]^ Gemcitabine-based systemic chemotherapy is one of the most efficient treatments for advanced pancreatic adenocarcinoma.^[@R2],[@R8],[@R9]^ Nevertheless, systemic use of gemcitabine may increase the risk of severe side effects, such as cytopenia, nausea, and bone marrow suppression.^[@R2],[@R10]^

Regional intra-arterial infusion chemotherapy helps to deliver anticancer drugs into the carcinoma tissue more selectively and is considered to be a potential alternative treatment for advanced pancreatic adenocarcinoma with less systemic adverse effects.^[@R11],[@R12]^ Ohigashi et al^[@R13]^ first reported that intra-arterial chemotherapy using 5-fluorouracil improved the prognosis and quality of life in Asian patients with advanced pancreatic carcinoma. In a phase II trial, Cantore et al observed that 5-fluorouracil-based intra-arterial infusion was well tolerated and active in Western patients with unresectable pancreatic cancer.^[@R14]^ In another report, Tanaka et al^[@R15]^ described that intra-arterial administration of full-dose gemcitabine and 5-fluorouracil improved the overall survival (OS) without significant toxicity. The study was well designed, except for the small simple size of 20 patients. A recent meta-analysis, comprising of 6 randomized controlled trials with a total of 298 patients, was performed to investigate the effect of intra-arterial infusion versus systemic chemotherapy for advanced pancreatic cancer.^[@R11]^ Results showed that the intra-arterial method was significantly superior to traditional oral or intravenous chemotherapy with less complications and myelosuppression.^[@R11]^ However, the clinical procedure of the intra-arterial infusion was not detailed in the study. Furthermore, heterogeneity between different trials might have a significant influence on the combined effects of the meta-analysis. Studies with a larger simple size are still essential to illuminate the effects of intra-arterial infusion in advanced pancreatic adenocarcinoma, along with more detailed clinical procedures.

The present study was carried out to investigate the prognostic factors in patients who received gemcitabine-base intra-arterial infusion for advanced pancreatic cancer. In addition, the detailed procedure for intra-arterial infusion chemotherapy was described in this manuscript.

PATIENTS AND METHODS
====================

Patient Recruitment and Clinical Procedure
------------------------------------------

A total of 354 patients were included in the study from January 2012 to April 2015 at Zhongshan Hospital Fudan University, Shanghai, China. All the patients met the following criteria: (1) \>18 years of age; (2) presented with advanced pancreatic adenocarcinoma; (3) received intra-arterial infusion at Zhongshan Hospital; and (4) did not undergo any previous treatment for pancreatic cancer. Patients who received ERBD or PTCD without infusion chemotherapy were excluded from this study. Patients with locally advanced disease were all considered to be not suitable for resection because of bad lung function, cardiac function, or cachexia, and were transferred from the surgery department.

Gemcitabine-based RIAC is a kind of recognized therapeutic strategy by Chinese Society of Clinical Oncology-Pancreatic cancer Professional Committee. RIAC is a routine treatment for advanced pancreatic cancer patients in China currently.^[@R3]^ Informed Consent of the RIAC procedure was signed by the patients or their family members. The RIAC chemotherapy was carried out under local anesthesia in the clinical practice. Right femoral artery puncture and intubation was performed with 5-Fr arterial sheath. Meanwhile, celiac artery and superior mesenteric artery angiography was carried out with 4- or 5-Fr catheter. Gemcitabine was given at a dose of 1000 mg/m^2^, followed by oxaliplatin 100 mg/m^2^. In patients with lesions in head of pancreas, one-third of the drug was infused via super-mesenteric artery, whereas the other two-thirds was infused via gastroduodenal artery. In patients with lesions in pancreatic body or tail, great pancreatic artery, caudal pancreatic artery, and the dorsal pancreatic artery were all contributed to the blood supply of tumor. The potentially infused artery was evaluated carefully before the clinical procedure. Alternative procedures were considered if necessary.

A full dose of chemotherapeutic drug was infused via splenic artery if the above mentioned arteries were originated from the splenic artery (Figure [1](#F1){ref-type="fig"}A). Chemotherapeutic drug was infused via the celiac artery if the tumor blood-supplying arteries were originated from the common hepatic artery or the celiac artery (Figure [1](#F1){ref-type="fig"}B). One-third of the drug was given via the super-mesenteric artery (Figure [1](#F1){ref-type="fig"}C) and two-third via the splenic artery if the super-mesenteric artery contributed to the tumor blood supply. In the last cases, if the tumor blood-supplying arteries could be directly super-selected, drug will be infused via the blood-supplying arteries using 3-Fr catheters (Figure [1](#F1){ref-type="fig"}D). All patients received supportive care, including antiemetics, antacid agents, liver protection, and anti-inflammatory treatment after the chemotherapeutic infusion.

![(A) The tumor feeding vessel was the splenic artery. (B) The tumor-supplying arteries were arising from the celiac artery. (C) Supermesenteric artery participated in the blood supply. (D) Blood-supplying artery was catheterized super selectively.](medi-95-e3098-g001){#F1}

Data Collection
---------------

Demographic and clinical data were extracted from electronic medical records using a standard table format. TNM classification was assessed based on the imaging examination (CT scan/MRI) and the criteria set forth by the American Joint Committee on Cancer (AJCC).^[@R16]^ Age, gender, presence of diabetes, serum CA19-9 and CEA values, presence of jaundice, tumor location (head or not), and metastases information were collected. CA19-9 and CEA levels were examined at the clinical laboratory. Detectable upper limit of CA19-9 value was 10000 U/mL. Survival information was obtained via telephone follow-up by a full-time investigator. The follow-up was carried out every 3 months as a routine, with the last follow-up completed in April, 2015. Survival time was defined as the period from first diagnosis of pancreatic cancer to death or the last follow-up date. All patients signed informed consent before the gemcitabine-based intra-arterial infusion chemotherapy. Data collection and the follow-up protocols were reviewed and approved by the Institutional Review Board of Zhongshan Hospital, Fudan University (IRB No.: B2014-098).

Statistical Analysis
--------------------

Patients with pretreatment serum CEA value ≥5.0 μg/mL were considered to be CEA positive (CEA+).^[@R17]^ Chi-square test (categorical variables) or Wilcoxon rank test (continuous variables) were used to compare patients' characteristics across subgroups. Nonliner association between pretreatment CA19-9 value and OS was assessed using Cox regression based Restricted Cubic Spline (RCS).^[@R18],[@R19]^ Continuous values of CA19-9 were discretized into categorical levels using determined cut-off points (Table [2](#T2){ref-type="table"}). The survival curve was drafted using the Kaplan--Meier method and compared using the log-rank test. The Cox proportional hazard model was used to evaluate prognostic factors in multivariable survival analysis. All 2-sized *P* values \<0.05 were considered to be statistically significant. Only available data were used in the analysis, whereas the missing data were taken as noninformative. All statistical analyses were performed using SAS 9.1.3.

RESULTS
=======

Demographic Characteristics and Clinical Parameters of Patients
---------------------------------------------------------------

A total of 354 patients with advanced pancreatic cancer were enrolled in the present study, out of which, 230 (65%) were male (male/female ratio = 1.8), and 72 (20%) patients were diagnosed with detectable distant metastases. Pretreatment CA19-9 value of patients with metastases was significantly higher as compared to those with locally advanced cancer (median: 922.30 vs 357.00 U/mL, *P* = 0.0090), whereas the pretreatment CEA value was uniform between the 2 subgroups (*P* = 0.2274). Presence of jaundice was significantly higher in patients with solid tumor located at the head of pancreas (0.28 vs 0.11, χ^2^ test, *P* = 0.0003).

Of all the included patients, 274 completed 1 cycle of intra-arterial infusion, whereas 80 patients received 2 or more cycles of the chemotherapy. As shown in Table [1](#T1){ref-type="table"}, no significant heterogeneity of characteristics or clinical parameters was found between the 2 subgroups. Approximately one-third of the patients presented a record of treatment with Chinese herbal medicines during the cycle of intra-arterial infusion. However, this factor was not included in the analysis, because the record of herbal medicines was ambiguous and the curative effect of traditional Chinese medicine (TCM) was difficult to assess.

###### 

Demographic and Clinical Characteristics of All Included Patients (n = 354)

![](medi-95-e3098-g002)

Survival Analysis
-----------------

For all the 354 patients, median OS was 7.0 months (95% CI: 6.0, 8.0 months) with a 6-, 12-, and 18-month survival rate of 0.48, 0.28, and 0.18, respectively. The median OS of patients, who received 1 cycle of intra-arterial infusion therapy, was 6.0 months (95% CI: 5.0, 8.0 months), which was similar to 7.0 months (95% CI: 6.0, 9.0 months) in patients who received 2 or more cycles.

The RCS model presented a nonliner association between baseline CA19-9 value and prognosis in all the advanced patients (Figure [2](#F2){ref-type="fig"}). The increasing rate of hazard ratio was observed to slope down at the inflexion point at ∼1000 U/mL. Furthermore, the increase in the level of pretreatment CA19-9, as revealed by the univariate analysis, indicated worse OS after the gemcitabine-based intra-arterial infusion (Table [2](#T2){ref-type="table"}). Taken together, 1000 U/mL was determined as the cut-off point for prognostic prediction. Patients with the pretreatment CA19-9 value of \<1000 U/mL showed a significantly prolonged median OS compared with those with pretreatment CA19-9 ≥1000 U/mL (9.0 vs 5.0 months, log-rank *P* \< 0.0001, Figure [3](#F3){ref-type="fig"}A). The 6-, 12-, 18-month survival rate of patients with baseline CA19-9 value \<1000 U/mL was 0.58, 0.40, and 0.25, respectively. Only an estimated 35% of the patients with baseline CA19-9 value ≥1000 U/mL survived \>6 months. Age, CEA+, and tumor metastases were revealed as strong prognostic predictors by univariate analysis (Table [3](#T3){ref-type="table"}). The Cox proportional hazard model showed that age, CA19-9 baseline, CA19-9 value, and tumor location were significantly associated with the OS (Table [3](#T3){ref-type="table"}).

![Nonliner association between pretreatment CA19-9 value and prognosis of all patients.](medi-95-e3098-g003){#F2}

###### 

Pretreatment CA19-9 Level as a Predictor of Overall Survival^∗^
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![(A) Association between the pretreatment CA19-9 level and overall survival. (B) Association between post-treatment change of CA19-9 value and overall survival.](medi-95-e3098-g005){#F3}
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Predictors of Overall Survival in Patients Received Intra-Artery Infusion
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For the 80 patients who received 2 or more cycles of intra-arterial infusion chemotherapy, the post-treatment CA19-9 value was measured as 40 (q1--q3: 28, 46) days after the initial infusion cycle. The median value of post-treatment CA19-9 was 1185.0 U/mL (q1--q3: 242.5, 4692.0 U/mL). Fifty (63%) patients were found with a declined CA19-9 value, whereas 30 patients presented with increased CA19-9 value. Univariate analysis showed that patients with declined CA19-9 after the first treatment cycle may show prolonged OS as compared to those with increased CA19-9 values (11.0 vs 7.0 months, *P* = 0.0479; Figure [3](#F3){ref-type="fig"}B). Nevertheless, the decline of CA19-9 was not a strong indicator of prolonged OS in the multivariable analysis (*P* = 0.1376).

DISCUSSION
==========

Herein, we have described the procedure for gemcitabine-based regional intra-arterial infusion for advanced pancreatic adenocarcinoma. Our results showed that young age, pretreatment CA19-9 value of \<1000 U/mL, and tumor located at the head of pancreas resulted in better OS in the Chinese patients who received gemcitabine-based regional intra-arterial chemotherapy (RIAC). A decline in the value of CA19-9 following the intra-arterial infusion was a strong predictor of better OS in univariate analysis.

In the present study, the median OS was 7.0 months in patients who received gemcitabine-based RIAC, which apparently was not worse than 6.7 months, as reported in advanced patients who underwent systemic gemcitabine chemotherapy.^[@R2]^ Although RIAC is considered to be more effective for tumor with rich blood supply, especially for hepatic carcinomas, rather than pancreatic adenocarcinoma,^[@R20],[@R21]^ anatomical analysis has shown that gemcitabine infused through the celiac artery or superior mesenteric artery can cover the whole pancreas, and hepatic artery perfusion may also be effective for hepatic metastases.^[@R22]^ In addition to the anatomical evidence, our results corroborated the findings reported by other researchers.^[@R11],[@R14],[@R23],[@R24]^ With drugs concentrating in the cancer tissue, RIAC was observed to be superior to systematic chemotherapy with less adverse effects, and no disadvantage with respect to the OS in relevant studies.^[@R24],[@R25]^

More importantly, tumor location was found to be significantly associated with the prognosis. As mentioned above, tumor located at the head of pancreas indicated better OS in patients who received RIAC. This could be attributed to abundant blood vessels present at the pancreatic head, which implies greater concentration of gemcitabine and inhibition of tumor progression.^[@R21]^ Thus, patients with tumor located at pancreatic head may benefit more from anticancer drugs. Furthermore, this hypothesis was partly supported by the observations of Arredondo et al form animal experiment.^[@R26]^ The clinical significance of our results relates to assessing the benefits of RIAC, and making a clinical decision. Pretreatment CA19-9 level was also noted as a strong predictor of OS in the present study. This can be explained by the tight association of the biomarker of CA19-9 with cancer cell proliferation and metabolism.^[@R27]^ Higher CA19-9 values usually reflect aggravated tumor burden and worse prognosis.^[@R28],[@R29]^ Several studies have demonstrated that the pretreatment CA19-9 value could be an indicator of OS in localized or advanced pancreatic adenocarcinomas.^[@R30]--[@R32]^ We found an optimized cut-off point for CA19-9 using a nonliner regression model, which was also confirmed by previous studies.

The strengths of this study included the detailed description of the clinical procedure of RIAC for advanced pancreatic adenocarcinoma, and the large cohort for survival analysis. However, there were certain limitations associated with the present research. First, only patients who received RIAC were included in the retrospective analysis. And the major side effects of RIAC were considered to be RIAC-induced pain or fever. However, the analgesic medicines were used to release severe pain of PDAC in our clinical center. This may covered up the potential side effect caused by RIAC. Furthermore, patients receiving RIAC chemotherapy usually stay 1 to 2 days in hospital in the presented study, trichomadesis and skin rashes were rarely observed. Rigorously designed clinical trials are further needed to assess the effects of RIAC in comparison to the systemic chemotherapy, and quantified adverse effect should also be seriously assessed. Second, as previously mentioned, some patients also followed TCM as an adjuvant therapy. Yang et al,^[@R33]^ in their retrospective analysis, reported that TCM benefited patients with advanced pancreatic cancer. However, the curative effect of this therapy for pancreatic cancer has still not been recognized and is controversial. Thus, we did not include TCM in our analysis. Third, this study was limited to the ethnic background, and only the available parameters were included in the analysis. Therefore, further studies are required to validate the findings of the present research.

In conclusion, the gemcitabine-based RIAC presented a potential treatment method for advanced pancreatic adenocarcinoma. Young age, pretreatment CA19-9 value \<1000 U/mL, and tumor located at the head of pancreas indicated better response to the regional intra-arterial chemotherapy and better overall survival.
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Abbreviations: CEA = carcinoembryonic antigen, ERBD = endoscopic retrograde biliary drainage, PTCD = percutaneous trans-hepatic catheter drainage, RCS = restricted cubic spline, RIAC = regional intra-arterial infusion chemotherapy, TCM = traditional Chinese medicine
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